Neuraminidase production was investigated in 57 Clostridium butyricum strains, 16 Clostridium beijerinckii strains, and 25 Clostridium difficile strains. Neuraminidase activity was found only in C. butyricum strains originating from one human newborn with neonatal necrotizing enterocolitis, two newborns with hemorrhagic colitis, one infected placenta, and one adult with peritonitis. It was concluded that neuraminidase was not a major virulence factor in C. butyricum strains.
Bacterial overgrowth in the intestine of human newborns is an important factor in the pathogenesis of neonatal necrotizing enterocolitis (NNE) (3) . Various microorganisms have been associated with NNE including coronavirus, rotavirus, enterovirus, Escherichia coli, Klebsiella sp., Enterobacter sp., Pseludomonas sp., Sallmonella sp., Clostr-idium perfringens, Clostridiium difficile, and Clostu'idiion butyriculm (12) . C. butyricuin was involved in several cases of NNE (11, 18, 23, 24) . We showed that chickens monoassociated with C. biayricium develop cecal lesions similar to those found in NNE (19) . C. difficile produces a cytotoxin and an enterotoxin, is known to cause pseudomembranous colitis, and was isolated from some NNE outbreaks (5, 10, 23) .
Erythrocyte alterations induced by neuraminidase were observed in 9 of 26 newborns with NNE by Seger et al. (22) and in 4 of 20 newborns by Novak (16) . Neuraminidaseproducing clostridia were isolated in some cases. These authors suggested that neuraminidase-producing bacteria were involved in the pathogenesis of NNE (16, 22) , as some Clostridium and Bacteroides spp. are known to produce extracellular neuraminidase (1, 7, 8) . The aim of this work was to investigate the incidence of neuraminidase production in C. buityricum, Clostridium beijerinckii, and C. difficile strains isolated from clinical and nonclinical sources.
The bacterial strains used are listed in Tables 1 and 2 used for preparation of cell extracts. Bacterial cells from 24-h-old TYG cultures with or without mucin were removed by centrifugation and disrupted with 100-pm-diameter glass beads in a Braun apparatus (17) .
Neuraminidase activity was measured by incubating, for 30 min at 37°C, 50 p.1 of culture supernatant concentrated five times by lyophilization with 100 .I1 of fetuin (10 mg/ml) (Serva, Heidelberg, Federal Republic of Germany) in phosphate-buffered saline (pH 6) containing 9 mM Ca>. The reaction was stopped by the addition of 0.1 ml of 0.2 M sodium periodate in 9 mM ortho-phosphoric acid. Enzymat- ically released N-acetylneuraminic acid was determined by the method of Warren (25) . One enzymatic unit was the amount of enzyme that released 10-9 M N-acetylneuraminic acid per min at 37°C.
Effects of growth medium and incubation time on neuraminidase activity were determined for two neuraminidaseproducing and for one non-neuraminidase-producing C. butvricum strains (Fig. 1) . Bacterial growth and neuraminidase activity were higher in TYG broth than in D and peptone water media. Neuraminidase activity increased with bacterial growth, and the highest values were observed after 18 h of incubation. In D and peptone media, maximal neuraminidase activity occurred 1 or 2 days after maximal growth. C. butyricum CB1002 showed a neuraminidase activity lower than 2.5 enzyme units per ml in TYG broth, so this value was not considered significant.
Of 57 C. butvricun strains, 5 either in TYG broth or in TYG broth with 1% (wt/vol) porcine stomach mucin. Neuraminidase activity was also not detected in bacterial cell extracts.
None of the C. difficile strains showed neuraminidase activity ( Table 2 ). The C. difficile strains were isolated from feces of newborns, including nine newborns with NNE, eight with hemorrhagic colitis, three with acute diarrhea, and five without disease. Some Clostridium species are known to exhibit neuraminidase activity. Fraser and colleagues (7, 9) reported production of neuraminidase by C. chauvoei, C. perfringens, C. septicum, C. sordellii, and C. tertium but not by any C. butyricum strain. Caselitz and Stein (4) studied one C. butyricum strain that exhibited neuraminidase activity. Seger et al. (22) isolated another neuraminidase-producing strain from a newborn with NNE.
Brown and Sweet (3) suggested that neuraminidase could be a virulence factor induced by Clostridium species in NNE. The neuraminidase could act on the newborn digestive tract by participating in the degradation of the protective mucin layer (21) or by enhancing the effects of the bacterial toxins (3).
Our results show that neuraminidase is a potential virulence factor in some C. butyricum strains, but it is not a common factor.
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